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SUMilfARY . 
This investigation reports a study of. certain acidity changes oc-
curing in Grimes and Jonathan under various storage conditions. 
Measurements were made of the total titratable acid, the H-ion 
concentration and, in some inf;ltances, the specific gravity of the 
juice. 
Altho total acidity values declined rapidly in the Grimes va-
riety during two weeks of delay at the orchard, its H-ion concen-
tration remained quite u.niform. Prolonging the delayed storage 
period to three weeks, however, resulted in a rather abrupt low-
ering of the active acidity of the fruit in cold storage. The ap-
pearance of soggy breakdown in the stored fruit occurred almost 
coincidently with a rather marked diminution in the H-ion con-
centration. This relationship suggests the possibility of an in-
timate balance between the active acidity and the carbohydrate 
reserves of the Grimes apple at low temperatures. The H-ion 
concentration during delayed storage at the orchard, was de-
cidedly more constant in Jonathan. This fact suggests a differ-
ence in buffer stability between the two varieties of fruit. The 
data for the active acidity changes in Jonathan were not of a 
similar nature during the two storage seasons. Soft scald and 
Jonathan spot formation also differed for the two years. 
There appears to be an inverse relationship between the per-
centage of total acid loss during storage and the susceptibility to-
ward Jonathan spot. A low acid loss during storage usually pro-
duced a high percentage. of spotted tissue. The total acidity de-
creased gradually during cold storage in both Grimes and J ona-
than. Decrease was more rapid at the higher temperatures. Total 
acidity decreased more in Grimes during delayed storage at the 
orchard than thruout the entire cold storage period. The delayed 
fruit was stored with considerably less total acid than that re-
ceiving no such treatment. 
During storage two conditions appear to influence the total 
amount of acid lost: (1) The initial acid content when stored, 
and (2) the storage temperature. Delayed storage lots with low 
initial acidity lose their total acid in smaller quantities at 30° 
and 32°F. than similar lots at 34° and 36°F. The amount of acid 
loss, then, appears to be regulated largely by a certain minimum 
temperature level, below which the loss will be relatively little re-
gardless of acid content, above which the loss will be considerably 
higher even tho the acid content is relatively low at the beginning 
of the storage period. 
The amount of breakdown tends to occur in an inverse propor-
tion to the losses in total acidity during cold storage. A large 
amount of soggy breakdown is usually accompanied by a smaller 
amount of acid loss, and, conversely, a low amount of breakdown 
is associated with a higher acid loss. In order to avoid soggy 
breakdown, it follows, then, that the rate of acid loss must be 
fairly constant. This may be accomplished by storing the fruit 
before the acid content becomes low (directly after picking), or 
by storing at a temperature sufficiently high to permit acid losses 
to continue at a more favorable and a more rapid rate. 
Altho acid changes appear to be rather definitely associated 
with breakdown and Jonathan spot susceptibility, other physio-
logical changes occur which may influence these storage disorders. 
A decided increase in the specific gravity of the juice from 
Grimes, during delayed storage at the orchard, indicates definite 
changes in the metabolism of the fruit. Apples delayed for one 
week showed similar increases in this constant thruout the cold 
storage period. Little or no increase in specific gravity, however, 
occurred in the stored fruit which had been delayed at the or-
chard for two or three weeks. The juice of Jonathan maintained 
a very uniform constant, irrespective of the delayed storage at 
the orchard or treatment at the lower temperatures. This differ-
ent response toward specific gravity and acidity changes in the 
two varieties may aid in the explanation of the differences in the 
storage capacity of Grimes and Jonathan. It would appear t,hat 
the storage capacity of some varieties of apples could be forecast 
by changes appearing in the specific gravity of their juices. 
Acidity Changes Associated With the 
Keeping Quality of Apples Under 
Various Storage Conditions 
By H. H. PLAGGE AND FISK GERHARDT* 
Success in the storage of apples depends upon a definite under-
standing of the effects which such factors as moisture, tempera-
ture and time may exert on the physiological responses within the 
stored material. In the case of the apple, many of these factors 
are associated with maturity and respiration, thereby involving 
significant changes in sugars, starches, pect.ins, and organic acids. 
The latter especially are considered in the present report. 
Haynes (2) has indicated that an associat.ion probably exists 
between a high acid concentrat.ion and internal breakdown in 
apples during cold storage. She has stated that this situation 
might be avoided if the fruit were not exposed to low tempera-
tures prior to a reduction in its acid content. Magness and Diehl 
(4) have reported a uniform rate of reduction in the acidity of 
apples regardless of their initial acid concentration. Those 
varieties which showed the lowest acidity after six months in 
storage also produced the highest percentage of acid loss. Neller 
and Overley (5) have suggested that it may be possible to use 
the acid content of the Jonathan as an index of the proper time 
to harvest this variety. Plagge, Maney and, Gerhardt (7), after 
a rather complete chemical analysis of Grimes during harvest 
and storage, reported little direct relation between the chemical 
changes in the dry matter and the occurrence of breakdown in the 
tissues. They have indicated that of the changes occurring. the 
most significant, perhaps, is that of total acid conce11tration. This 
value was found to decrease rapidly during delayed storage (de-
lay from time of picking until placement into storage) and more 
slowly when held at the lower temperatures. 
The present bulletin gives an account of some further inves-
tigations pertaining to the changes in acid cQncentration and the 
occurrence of breakdown tissue in apples during the various de-
layed cold storage treatments. It includes measurements of the 
total acidity as well as the H-ion concentration, and, in some 
instances, the specific gravity of the juices thruout the two sea-
sons of 1925 and 1926. 
-The authors express their appreciation to W. G. Gaessler and T. J,. Maney of the 
Chemistry and Pomology Sections for helpful suggestions. 
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SOURCE AND PREPARATION OF MATERIAL 
Two varieties, Grimes and Jonathan, were used. One picking 
was made each year during the commercial season. The samples 
for analysis were handled in identically the same manner as 
were those for the experimental storage lots, the details of which 
have been described by Plagge and Maney (8) in connection 
with their observations upon soggy breakdown and other storage 
diseases. Analysis were made of the fruit when picked, after 
certain delayed intervals at the orchard and at bi-weekly periods 
during the cold storage season. Cold storage temperatures of 30°, 
32°,34° and 36°F., respectively, were maintained within -I- 0.5°F. 
Data were taken until Jan. 15, which represents approximately 
the end of the commercial storage period. One series of post-
season analyses, however, were made upon each storage lot dur-
ing the latter part of March. 
In each case 10 representative apples were chosen for analysis 
for each sample. Haynes (2 ) recently has called attention to 
the fact that low temperatures tend to increase the fluctuation in 
acid content between samples from the same lot. Probably some 
of the rather large variations noted in this investigation could 
have been eliminated by increasing the number of apples per 
sample to 20 or 30. Th~ fruit upon arrival at the laboratory 
was immediately sliced into thin pieces and its juice expressed 
with the aid of a hydraulic press. Specific gravity and acidity 
determinations were then made upon the centrifuged juice. 
METHODS OF ANALYSIS AND EXPRESSION 
OF RESULTS 
SPECIFIC GRAVITY 
Determinations were made at 15°C. by using an accurately 
calibrated hydrometer. ". .' . , ". ' 
H-ION CONCENTRATION 
The total titratable, or potential,' acidity: as well as the H-ion 
concentration, or intensity of acidity, according to Gillespie (1 ) , 
were determined upon the same sample of juice. An electro-
metric apparatus similar , t,o that ,describ~d by Hildebrand (3) 
was employed. More precise methods for determining small dif-
ferences in potential acidity"riecessitate the use of elaborate po-
tentiometric systems and are more applicaJ5le in measurements in 
which all factors are capable of exact , control. In this study, 
however, the voltmeter method of Hildebrand was found to be 
sufficiently accurate as well as rapid and convenient. The H-ion 
concentration, representing the amount of active or dissociated 
acid present, was expressed as pH values and also as arithmetical 
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"active acidity units" according to Wherry (9). The basis for 
these units is the amount of H-ion present in a liter of pure water. 
This, taken as a unit of acidity, amounts to 10-7 gms. per liter. 
These values are directly related numbers and become subject to 
arithmetical manipulation. They, therefore, enable the reader 
to comprehend more readily small differences in H-ion concen-
tration. 
TOTAL TITRATABLE ACIDITY 
This was determined electrometrically upon 15 cc. of centri-
fuged juice and expressed as cc. of N/ 10 NaOH necessary to 
neutralize the total acids present in 15 cc. of juice, with phenol-
phthalian as an indicator. 
PRESENTATION, OF EXPERIMENTAL DATA 
ACTIVE ACIDITY (H-ION) CHANGES 
Table I presents a comparative analysis of Grimes apples at 
the beginning and at the close of two storage seasons. Data are 
given for the four cold storage temperatures and for common 
storage. The time of storing, beginning from the picking date, is 
indicated for each sample. It is evident that little change occurs 
in the active acidity of the fruit during one week of delayed stor-
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Fig. 1. Relation at total acid loss during stor&lre to percentage of SOggy breakd<>wn 
in Grimes during 1925-1926. Acid loss is the percentage of total acid loss oecurring 
during stor&lre ba.sed upon the initial acid present when stored. 
TABLE I. COMPARATIVE ANALYSES OF GRIMES APPLES AT BEGINNING AND CLOSE OF COMMERCIAL STORAGE-1925-1926 
When placed in cold storage 
Days 
delay 
at or- ------
chard Total Active Speci-
acid acidity pH fic gra-
units vity 
--------------
2 13.0 8,000 3.10 --
7 11 .5 6,640 3 . 18 --
14 9.4 4,400 3.36 --
21 9.1 4,400 3.36 --
---------------
-[---1 14.1 9,800 3 . 01 1.0450 7 13 .0 9,800 3.01 1.0460 
14 13.0 6,640 3 . 18 1. 0510 
21 11.1 6,470 3 . 19 1.0550 
I 
*The analyses of common storage 
fruit made the second season were 
as follows : 
Common Storage 1926-1927 
1--1-
Days 
delay I Total IActivel pH 
at or- acid acidity 
chard units 
Speci-
fic gra-
vity 
6 .2 I 440 4 .36 11.0500 
7 7.0 I 440 4 .36 11.0540 
14 7.3 1440 4.36 11.0545 
21 6.4 I 440 4.36 11.0500 
30°F. 
------
Total Active Speci-
acid acidity pH fic gra-
units vity 
-
---------
9 .2 8,400 3.08 --
10.0 8,200 3.09 --
8.8 4,400 3.36 --
8.3 6,640 3.18 --
- ---------
----
9.6 1,000 4.00 1. 0583 
10.2 940 4 . 03 1. 0585 
10.2 940 4.03 1. 0555 
9.3 940 4 . 03 1. 0550 
End of commercial storage, Jan. 13. 
32°F. 34°F. 
---------------------
Total Active Speci- Total Active 
acid acidity pH fie gra- acid acidity pH 
units vity units 
---------------------
9.2 9,800 3.01 -- 10.2 8,000 3.10 
10.0 9,800 3 .01 -- 8.3 6,640 3.18 
8.3 6,640 3.18 -- 7 .3 5,390 3.27 
· 8.6 6,640 3.18 -- 7.8 7,830 3.11 
---------------------
1926-1927* 
--------------
9.5 940 4.03 1.0570 9 .3 766 4 . 12 
9 . 1 940 4.03 1.0555 10.0 940 4 .03 
10.3 766 4 . 12 1.0570 9.4 940 4.03 
8 . 8 766 4 . 12 1.0550 8 .8 766 4 . 12 
36°F. 
------
---
------
Speci- Total Active Speci-
fic gra- acid acidity pH fie gra-
vity units vity 
---------------
-- 8.4 6,640 3.18 --
-- 8.1 8,200 3.09 --
-- 7.0 4,400 3.36 --
-- 7 . 4 4,400 3.36 --
---------------
-1---1.0545 9.6 940 4.03 1.05 50 
50 
5 
1.0550110.1 940 4 .03 1.05 
1.0565 8.4 630 4 . 20 1.05 
1.0550 7.2 630 4 . 20 1.05 w ~ 
-1 
TABLE II. COMPARATIVE ANALYSES OF JONATHAN APPLES AT THE BEGINNING AND CLOSE OF COMMERCIAL STORAGE 
1925-1926 
When placed in cold storage 
Days 
delay 
at or- ---------.-
chard Total Active Speci-
acid acidity pH fie gra-
units vity 
- - ------
---
---
I 13.7 9,800 3.01 
7 13.3 8,000 3.10 
14 12.3 6,640 3.18 
21 11.6 9,800 3.01 
- -
---
---
---
---
- - --
--
--
I 16.5 9,800 3.01 1.0540 
7 13.6 14,600 2.84 1.0490 
14 13.5 14,600 2.84 1.0540 
21 11.7 14,600 2.84 1. 0505 
*The analyses of common storage 
fruit made the second season were 
a. follow.: 
Common Storage 1926-1927 
- - -
Total 
acid 
---
10.8 
11. 5 
11. 2 
10 . 5 
c-
--
12.9 
12.9 
10 . 9 
10 . 8 
- - --------- - - -
Days 
delay Total Active pH Speci-
at or- acid acidity fie gra-
chard acid vity 
- --
---------
---
9.0 960 4.02 1.0500 
- - - -----
- - -
---
7 7.9 960 4.02 1.0500 
-----
---
- - - ---
14 8.0 1285 3.89 1. 0560 
----- ------ ---
21 9.1 960 4.02 1.0470 
30°F. 
------ - - -
Active Speci-
acidity pH ficgra-
units vity 
---
------
11,500 2.94 
8,200 3.09 
11,500 2.94 
9,800 3.01 
---
- --
---
------
1,425 3.85 1. 0560 
1,425 3.85 1. 0530 
1425 3.85 1. 0520 
1425 3.85 1.0480 
End of commercial storage, Jan. 13. 
32°F. 34°F. 36°F. 
- - - ------
---r----- - -- - - - --- ---------
Total Active Speci- Total Active Speci- Total Active Speci-
acid acidity pH fic gra- acid acidity pH fic gra- acid acidity pH fic gra-
units vity units vity units vity 
---
- - - - - - - --r-- - ----------- --- - -----
10 .6 9,800 3.01 9.6 9,800 3.01 10 .8 11,500 2.94 
11.3 9,800 3.01 10 . 1 9,800 3.01 10.2 11,500 2.94 
10.8 6,640 3.18 11.0 9,800 3.01 10.4 9,800 3.01 
10.4 6,640 3.18 9.8 8,000 3.10 9.5 11,500 2.94 
--- - ----- ---r-- - -------------- -----
1926-1927* 
- - - - - - ----- - - - ----------
9.9 960 4.02 1.0510 9 . 9 960 4.02 1.0480 10 .2 1,050 3.94 1.0510 
12.9 960 4.02 1.0545 10.6 960 4.02 1.0530 10 .6 960 4.02 1. 0500 
9.0 960 4.02 1.0475 9.1 960 4 . 02 1.0500 10.1 960 4.02 1.0510 
9.7 960 4.02 1.0470 9.1 960 4 . 02 1.0500 9.7 960 4 . 02 1.0480 
OJ 
~ 
00 
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age at the orchard. The most significant differences in the H-ion 
concentration are to be found during the interval between one 
and two weeks delayed treatment and are apparent both seasons. • 
In 1925 the reduction in active acidity amounted to 45 percent, 
while in 1926 it approximated 32 percent. 
The active acidity changes occurring during the cold storage 
periods are not similar for the two years. Grimes, in 1926, ex-
perienced a large reduction in its H-ion concentration, while the 
same variety, in 1925, had values from 8 to 10 times higher. The 
differences suggest inequalities in maturity for the two years. In 
1925 soggy breakdown appeared in decidedly greater amounts 
(Fig. 1). The data in table III indicate that there is a general 
tendency for active acidity to increase in the early part of the 
cold storage period. This increase occurs irrespective of the 
storage temperature or the delayed treatment at the orchard. 
These facts suggest a possible rearrangement of the buffer sys-
tem within the apple, which may be produced by a temporary 
curtailment of'the respiratory processes at the lower storage tem-
peratures. 
Soggy breakdown in the Grimes apple usually appears about 
the middle of December. From table III it can be seen that the 
active acidity decreases considerably after about 12 weeks in 
cold storage, which is approximately the time that breakdown be-
gins (Dec. 15 to 20). This relation of soggy breakdown to the 
TABLE III. ACIDITY CHANGES OF GRIMES APPLES AT MONTHLY 
INTERVALS THRUOUT COLD STORAGE PERIOD- 1925-1926 
No. days No. Tota acid pH Active acidity units 
delayed at weeks i - --------
orchard storage O°F 36°F 30°F 36°F 30°F 36°F 
- --------
I 0 13.0 13.0 3.10 3.10 8,000 8,000 
4 11.1 11.2 3.10 3.03 8,000 9,400 
8 10.1 8.7 3.01 3.14 9,800 7,320 
12 9 . 8 8.8 3 . 08 3.07 8,400 8,600 
16 9.2 8.4 3.08 3.18 8,400 6,640 
27 7.5 5.5 3.36 3 . 62 4,400 2,400 
---------
7 0 11.5 11.5 3 . 18 3 . 18 6,640 6,640 
4 11.1 9.9 3 .01 3.36 9,800 4,400 
8 10.6 9 . 9 3.05 3 . 00 9,000 10,000 
12 10.4 8.2 3 . 01 3.01 9,800 9,800 
16 10.0 8.1 3.09 3 . 09 8,200 8,200 
26 5.9 5 . 7 3.53 3.44 2,950 3,660 
---------
14 0 9 . 4 9.4 3.36 3 . 36 4,400 4,400 
4 9 . 8 9.4 3.23 3 . 29 5,800 5,130 
8 9 . 6 8 . 3 3.05 3.18 9,000 6,640 
12 9 . 5 8.3 3 . 08 3 . 18 8,400 6,640 
16 8 . 8 7.0 3 . 36 3.36 4,400 4,400 
25 7.4 5 . 1 3.36 3.53 4,400 2,950 
- -----------
21 0 9 . 1 9.1 3 . 36 3.36 4,400 4,000 
4 8.8 8.5 3 . 20 3.18 6,300 6,640 
8 9 . 4 8 . 5 3.01 3.02 9,800 9,500 
12 8 . 6 7 . 8 3 . 05 3.09 9,000 8,200 
16 8 . 3 7.4 3 . 18 3 . 36 6,640 4,400 
24 6 . 7 4 . 8 3 . 53 3 . 60 2,950 2,500 
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lowering of the H-ion. concentration in the stored fruit suggests 
an intimate balance between the active acidity and the keeping 
quality. The reduction in the active acidity of the stored fruit at 
the end of the commercial storage season is greater in the delayed 
storage lots. Grimes delayed for two or three weeks prior to cold 
storage were also much more susceptible to soggy breakdown 
(Fig. 1) . Could delayed treatment of the fruit, prior to cold 
. storage, decrease the active acidity and possibly aid the produc-
tion of a susceptibility toward breakdown? Haynes (2) has 
suggested the probability that the rate of loss in acid is largely 
conditioned, first by the rate at which acid is produced in the 
apple thru the oxidation of sugar, and second by its reaction to-
ward low temperature. In connection with the above statement 
of Haynes, table III also shows that the fruit, after two and 
three weeks delay at the orchard, loses an appreciable amount of 
acid before it is subjected to the lower storage temperatures. 
Jonathan responds differently in cold storage than does the 
Grimes. The storage disorders which manifest themselves in the 
former are associated with the formation of soft scald and .T ona-
than spot. The acid changes in Jonathan have been studied 
under storage procedures similar to those observed for Grimes. 
The data appear in table II. 
An observation of this table indicates that the arne variety of 
fruit may respond quite differently to similar storage treatment 
during two successive seasons. In both 1925 and 1926 the apples 
possessed a similar H-ion concentration at the time of picking. 
HO'wever, the delayed orchard treatment and the cold storage 
practice produced entirely different changes in the active acidity 
of the fruit during the two seasons. It will be noted that in 
1925 the active acidity remained quite constant or even increased 
slightly during cold storage, irrespective of temperature or or-
chard delay. During the same season practically no soft scald 
tissue was produced. In 1926 the active acidity increased con-
siderably during delayed storage; the fruit, however, passed 
thru the cold temperatures with a marked diminution in its H-ion 
concentration. Soft scald susceptibility also was greater during 
1926. These facts would tend to indicate differences in the ripen-
ing processes for the two years, also a possible relationship be-
tween the changes in active acidity during storage, and the for-
mation of soft scald tissue. Plagge and Maney (6) have shown 
that soft scald and Jonathan Spot do not usually occur con~ur­
rently. 
RELATION OF TOTAL ACIDITY TO SOGGY BREAKDOWN _ 
IN GRIMES 
Table III shows the changes which occllr in the acid content 
of the Grimes apple when sampled every four weeks thruout its 
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storage period. Altho the total acidity. varies some, the trend to-
ward a decrease from time of storage is apparent. No abrupt 
(lhange occurs in the total acid content of the fruit during stor-
age. Samples from apples delayed at the orchard for periods up 
to two weeks, show rapid decreases in the amount of acid lost; 
after two weeks the change is slight. The greatest differences in 
the total acid content, of course, occur after the fruit has passed 
thru its commercial storage period (16 to 25 weeks). By March 
the fruit has lost much of its flavor and firm texture. The higher 
temperature of 36°F. also reduces the acid content more rapidly. 
It is interesting to note that the period of delayed storage at the 
orchard (one to three weeks) produces a greater loss in the t.otal 
acid content of the fruit than that which occurs during the re-
mainder of the commercial cold storage period (four months). 
This again emphasizes the necessity O:E storing the above varieties 
with a minimum amount of delay between picking and storing. 
Figure 1 shows the percentage loss of total acid after subjec-
tion of the fruit to cold storage treatment during 1925-1926. The 
loss in acidity is based upon the amount of total acid present 
when the apples entered storage. The soggy breakdown occur-
ring in the corresponding samples of apples is also plotted. 
Two conditions appear to have changed the amount of acidity 
loss, (1) the initial acid content of the fruit when stored and 
(2) the storage temperature. When the initial total acid content 
was relatively high, the acid loss during storage was correspond-
ingly high, regardless of storage temperature. When the initial 
acidity was relatively low, the loss of acid during the storage was 
also low at 30° and 32°, but relatively high at 34° and 36°F. 
The delayed storage lots, possessing a lower initial acidity, also 
show a smaller percentage of total acid loss at 30° and 32"'F. 
than similar lots at 34° and 36°F. The above fact indicates that 
acidity changes, during storage, depend largely on the initial 
acid content and on the storage temperature. If the total acid 
content is relatively low at time of storing, the loss during stor-
age will be relatively low if the temperature is below a certain 
minimum level. Above this minimum level, acidity losses continue 
at approximately the same rate irrespective of the acid content at 
the beginning of storag'e. Conversely, when the acid content is 
relatively high at time of storing, the loss during storage will be 
relatively high, even tho the temperature is below the minimum 
level. These relationships appear to support the suggestion of 
Haynes (loc. cit.), that the rate of acid loss is influenced by the 
rate of its production during the oxidation of sugar, which in 
turn is affected by low temperature. However, the hypothesis 
that breakdown might be avoided by reducing the acid content 
of apples before exposing them to low temperature, appears not 
to be in concordance with our present results. Possibly had 
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TABLE IV. RELATION OF PERCENTAGE OF TOTAL ACID LOSS IN GRIMES 
DURING STORAGE, TO SOGGY BREAKDOWN AT VARIOUS STORAGE 
TEMPERATURES-1926-27 
30° F 32° F 34° F 36° F Common 
No.days storage 
Lot no. delay at --------------------
orchafd Acid Break- Acid Break- Acid Break- Acid Break- Acid Break-
IOB8 down loss down lOBS down 1088 down lOBS down 
--------------------------
Per- Per- Per- Per- Per- Per- Per- Per- Per · Per-
cent cent cent cent cent cent cent cent cent cent 
1 0 31.9 0.9 32 . 6 0.0 34.0 0.0 31.9 0 . 0 56.1 0 . 0 
2 7 21.5 0 .9 30 . 0 2.8 23.1 0 . 0 22 . 3 0.0 46.2 0.0 
3 14 21.5 4.1 20.8 6.8 27.7 0 . 0 35 . 4 0.0 43.8 0.0 
4 21 16.2 28.8 20.7 18 .5 20.7 7 .9 35.1 0 . 0· 42.3 0 . 0 
delayed storage been prolonged still further, and had the acid 
content been reduced to a greater degree than that attained by 
three weeks delay, results regarding breakdown susceptibility 
might have been altered. 
The amount of breakdown tends to occur in an inverse propor-
tion to the losses in acidity. A large amount of breakdown us-
ually accompanies a low acid loss, and, conversely, a low amount 
of breakdown appears to be associated with a high acid loss. 
Soggy breakdown and low acidity losses exist concurrently, and 
the inference is that in order to avoid breakdown susceptibility, 
there must be a fairly constant rate of acid loss, and that storage 
temperature and initial acid content influence this rate. 
Changes in the loss of total acidity and their relation toward 
soggy breakdown, during the second year of the experiment, are 
presented in table IV. The acidity losses resemble those of the 
previous season, since there is a similar, tho less marked, relation-
ship between these losses and soggy breakdown. The fact that 
the fruit under experiment the second year was less susceptible to 
soggy breakdown, may account for the less marked relationship. 
The high acid losses sustained in common storage are worthy of 
notice, as no soggy breakdown appeared under this treatment. In 
general the data support the foregoing conclusions relative to acid 
losses and their relationship to soggy breakdown susceptibility. 
While the above relationship between acid loss and soggy 
breakdown appears to be rather definitely established from the 
data presented, it should be considered that various other physio-
logical changes within the apple have taken place. Such changes 
in content of starch, sugar, pectin and hemicellulose have not been 
considered in the present study. It does not follow, therefore, 
that acid changes alone are responsible for the breakdo,Vn. 
RELATION OF TO'l'AL ACIDITY TO JONATHAN SPOT 
The changes which occur in the acid content of Jonathan dur-
ing delayed orchard treatment and at monthly intervals thruout 
commercial cold storage are presented in table V. As compared 
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TABLE V. ACIDITY CHANGES OF JONATHAN APPLES AT MONTHLY 
INTERVALS THRUOUT COLD STORAGE PERIOD-1925-1926 
No. days No. Total acid pH Active acidity units 
delayed at weeks in ---------
orchard storage 30°F 36°F 30°F 36°F 30°F 36°F 
---------
0 0 13.7 13.7 3.01 3.01 9,800 9,800 
4 13.1 13 .5 3 . 05 3.05 9,000 9,800 
8 12.4 11. 7 2.90 2.97 12,500 10,750 
12 12 .5 12.0 2.90 2.87 12,500 13,650 
16 10.8 10.8 2.94 2.94 11,500 11,500 
27 8.9 8.8 3 . 18 3.18 6,640 6,640 
---------
7 0 13.3 13.3 3.10 3.10 8,000 8,000 
4 13.7 13.3 3.08 3.01 8,400 9,800 
8 12.8 13 .8 2.99 2 . 87 10,250 13,650 
12 11. 7 12 .0 2.94 2 . 94 11 ,500 11,500 
16 11. 5 11.2 3.09 2.94 8,200 11,500 
26 9.9 11.7 3.18 3.12 6,640 7,660 
------
14 0 12.3 12.3 3.18 3.18 6,640 6,640 
4 13.0 12.1 3.05 2 . 97 9,000 10,750 
8 12.8 12.5 2.90 2.90 12,500 12,500 
12 16.6 12.2 3.01 3.01 9,800 9,800 
16 11.2 10.4 2.94 3.01 11,500 9,800 
25 11.0 9.5 3.18 3.18 6,640 6,640 
------
21 0 11.6 11.6 3.01 3 . 01 9,800 9,800 
4 12.5 12.3 2.93 2.97 11,250 10,750 
8 11.4 11. 5 2.87 3.01 13,650 9,800 
12 10.7 10.6 2.87 2.87 13,650 13,600 
16 10.5 9.5 3.01 2.94 9,800 11,500 
24 9.0 8.9 3.06 3.18 8,800 6,640 
to Grimes, the total acid content of this fruit is evidently not de-
cidedly altered by delay prior to cold storage. Smaller differ-
ences also occur in thEl total acid concentration and the H-ion con-
tent of the Jonathan during storage. This condition is true irre-
spective of the storage temperature. The apparently greater acid 
stability of the Jonathan variety toward storage practice may aid 
in offering an explanation for its greater storage capacity, es-
pecially when compared to Grimes. 
Table VI shows the relationship which exists between the 
amount of total acid loss during commercial storage and the oc-
currence of Jonathan spot. Acidity values are given for the lots 
of fruit before and after storage. It should be noted that these 
values are based upon the acid content at the time of storing and 
not at the time of picking. For lots placed immediately in stor-
age, however, the acid content is the same when stored as when 
picked. The percentages of Jonathan spot in this table have ref-
erence to the number of spotted apples. 
Data for 1925-1926 show a definite relationship between the 
amount of Jonathan spot and the quantity of total acid loss dur-
ing storage. Samples stored immediately and having a higher 
acid content produced the greater acid loss and also the least 
amount of spotted tissue as compared to the delayed fruit. Fur-
thermore, samples stored at the lower temperatures lost a smaller 
amount of total acid than those confined at the higher tempera-
tures. At any given temperature, then, Jonathan spot developed 
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Fig. 2. Relation of total acid loss during storage to Jonathan-spot. 
more severely in samples of fruit which entered cold storage with 
a lower acid content and which lost the smaller amount of 
total acid during storage, This relationship is similar to that 
previously noted between :total acid loss and soggy breakdown 
in Grimes. It appears that during commercial storage, at a given 
temperature, small changes in total acidity are usually associated 
with greater amounts of Jonathan spot, Conversely, larger 
acidity losses during storage are accompanied by the formation of 
smaller quantities of spotted tissue. These relationships are 
more clearloy' illustrated in Fig. 2, It should be noted that the 
above statements refer to apples stored at the same temperature, 
as, obviously, greater acid losses occur at the higher temperatures. 
Attention is also called to the fact that the acid losses under con-
sideration are only those which take place after the apples have 
been placed in cold storage, since in the case of the delayed fruit, 
the greater losses in acidity occur prior to commerc.ial storage. 
SPECIFIC GRAVITY 
Specific gravity determinations were taken thruout the second 
year of the investigation on both Grimes and Jonathan. Tables 
I and II include these data. Specific gravity changes in Grimes 
appear to be significant in that there is a decided increase from 
picking to the end of the three weeks delay at the orchard (from 
1.0450 to 1.0550). This fact indicates that a marked change in 
the metabolism of the fruit has taken place. It will be remem-
TABLE VI. RELATION OF TOTAL ACID LOSS TO JONATHAN-SPOT-1925-1926. 
Lot No. Condition Percentage of loss in total acidity during period in cold storage 
no. days before storing 
delay 30° F . 32° F . 34° F . 36° F. Common etorage 
--
L088 total Lo88 total L088 total Loss total L088total 
Total acid Jon. spot acid Jon. spot acid Jon. spot acid Jon. spot acid Jon. spot acid Jon. spot 
Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
-
-----_ ._-
1925-1926 ~ 
<:.n 
~ II! I 13 .7 0 .0 21.2 28.0 22.6 I 
26 . 1 
I 
29 .6 14 .7 21.2 56.8 
II 
<:.n 
13 .3 0 .0 13 .5 30 .0 15.0 35 .5 24 .0 45.0 23 .3 52 .9 
12 .3 0 .0 9 .0 81.4 12.2 77 . 6 10.6 75.7 15 .5 78.8 
4 21 11 .6 0 .0 9 .5 75 .4 10.3 71.7 15 .5 76 . 8 18.1 84.0 
-- --
1926-1927 
1 IIi I 
14.5 0.0 19.1 7 . 1 35 .2 
I 
13 . 2 35 .2 15 . 5 33 .6 21.6 
I 
40 .0 
I 
75.7 
2 13.6 0 .0 5.2 33 .6 5 .2 48 .6 22 .2 43 .3 22.1 44.7 41.9 84.0 
3 13.5 0.0 19 .2 57 . 5 33 .3 50 .0 32 .6 79 . 5 25 . 2 83.4 40 .7 85 .4 
4 21 11.7 0.0 7 . 7 66.0 17 . 1 51.0 22 . 2 81.2 17 . 1 86.5 22 .2 70.6 
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bered that the delayed fruit became susceptible to soggy break-
down. A similar increase in specific gravity during commercial 
storage is noted for the fruit which was stored immediately. This 
increase, for each of the four temperatures, averages 1.07 percent 
higher than the original specific gravity at the beginning of the 
storage intervaL Practically the same change is noted for the 
fruit delayed one week, the average increase for the four tem-
perature lots being also 1.07 percent during the storage period. 
In contrast to the above facts, when the fruit is delayed for 
two weeks, the average increase in specific gravity of the four 
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temperature lots is only 0.31 percent; for the fruit delayed three 
weeks there is no increase during the storage period. Specific 
gravity changes taken alone appear to indicate marked changes 
in ripening of the fruit as the lots were placed into commercial 
storage. Up to a certain stage of. maturity, at least, the fruit be-
comes more susceptible to soggy breakdown. Figure 3, part A, 
shows specific gravity values for the fruit at the end of the stor-
age period (January). Specific gravity was higher in the apples 
possessing a smaller amount of breakdown susceptibility. This 
sugg'ests that the storage capacity of some varieties of apples 
might be fairly closely anticipated by obtaining the specific grav-
ity of their juice. 
In the Jonathan the delays at the orchard gave no marked in-
crease in specific gravity even up to three weeks delay (table II). 
Likewise, there was no decided change in specific gravity in any 
of the four temperature lots thruout the storage period. This dis-
similarity between the two varieties again suggests an explana-
tion for the differences noted in storage capacity) keeping quality, 
or susceptibility to the various forms of breakdown. It should 
be noted that the Jonathan, such as used in this investigation, are 
much more resistant to breakdown than those grown in the apple 
districts west or south of Iowa and are, therefore, considered only 
moderately susceptible to this trouble. Plagge and Maney (6) 
have indicated that with Iowa grown Jonathan, the ordinary type 
of breakdown is not a factor in storing this variety. 
( 1) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
( 7) 
( 8) 
( 9) 
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